Tailor-made poly(amidoamine)s for controlled complexation and condensation of DNA.
A set of polymer carriers for DNA delivery was synthesized by combining monodisperse, sequence-defined poly(amidoamine) (PAA) segments with poly(ethylene oxide) (PEO) blocks. The precise definition of the PAA segments provides the possibility of correlating the chemical structure (monomer sequence) with the resulting biological properties. Three different PAA-PEO conjugates were synthesized by solid-phase supported synthesis, and the cationic nature of the PAA segments was systematically varied. This allows for the tailoring of interactions with double-stranded plasmid DNA (dsDNA). The potential of the PAA-PEO conjugates as non-viral vectors for gene delivery is demonstrated by investigating the dsDNA complexation and condensation properties. Depending on the applied carrier, a transition in polyplex (polymer-DNA ion complex) structures is observed. This reaches from extended ring-like structures to highly compact toroidal structures, where supercoiling of the DNA is induced. An aggregation model is proposed that is based on structural investigations of the polyplexes with atomic force microscopy (AFM) and dynamic light scattering (DLS). While the cationic PAA segment mediates primarily the contact of the carrier to the dsDNA, the PEO block stabilizes the polyplex and generates a "stealth" aggregate, as was suggested by Zeta potentials that were close to zero. The controlled aggregation leads to stable, single-plasmid complexes, and stabilizes the DNA structure itself. This is shown by ethidium bromide intercalation assays and DNase digestion assays. The presented PAA-PEO systems allow for the formation of well-defined single-plasmid polyplexes, preventing hard DNA compression and strongly polydisperse polyplexes. Moreover carrier polymers and the resulting polyplexes exhibit no cytotoxicity, as was shown by viability tests; this makes the carriers potentially suitable for in vivo delivery applications.